###### Strengths and limitations of this study

-   The large sample size of the study and participants from eight European countries with only a small percentage of missing data facilitate generalisability.

-   The study was cross-sectional, hence no causality can be determined.

-   The study relates to a group of patients with a relatively low treatment satisfaction and the results could potentially be applied in daily practice.

Introduction {#s1}
============

As the global prevalence of type 2 diabetes mellitus (T2DM) is increasing, so is the number of patients with T2DM on insulin. Insulin is one of the oldest, most known and most effective agents in diabetes treatment.[@R1] Timely initiation of insulin therapy to achieve adequate glycaemic control is often delayed because of patients' so-called 'psychological resistance' fuelled by misperceptions and myths; for physicians, beliefs about patient competence and risks are the main barriers to refrain from starting insulin therapy.[@R2] But even when insulin therapy is initiated, patients experience diabetes-related distress,[@R4] they may view their injection regimen as highly burdensome,[@R5] and not seldom they are less satisfied with their diabetes treatment than their counterparts.[@R6] Against that background, one could argue that physicians are right in delaying insulin therapy. Indeed, patient satisfaction has been used as an indicator of quality of healthcare, which is important in chronic diseases like T2DM.[@R8] To overcome patients' 'insulin resistance' and postponement of insulin therapy, it might be helpful if we know which factors contribute to treatment satisfaction in insulin-treated patients with T2DM.

Several studies have investigated factors associated with diabetes treatment satisfaction.[@R6]

Patients with T2DM with higher glycosylated haemoglobin (HbA1c) levels[@R6] and higher weight[@R11] were less satisfied, similar to those with diabetes complications.[@R6] Women had lower scores on the Diabetes Treatment Satisfaction Questionnaire (DTSQ) compared with men.[@R6] One study found that younger patients were less satisfied with their diabetes treatment,[@R9] while two other studies found that older patients were less satisfied.[@R7] Several other factors are associated with diabetes treatment satisfaction, for example, treatment in hospital,[@R7] difficulties in taking medication[@R8] and educational level.[@R6] Only one study studied patients on insulin therapy separately: the authors performed a subgroup analysis restricted to insulin-treated patients in which they found that self-monitoring of blood glucose and self-management of insulin doses were associated with higher DTSQ scores, while no association for the number of insulin injections was found.[@R6]

None of the above-mentioned studies investigated solely patients with T2DM on insulin therapy. Therefore, our aim was to investigate factors associated with treatment satisfaction in patients with T2DM on insulin therapy. Knowing which factors contribute to treatment satisfaction would allow a tailored approach in clinical practice.

Methods {#s2}
=======

Study design {#s2a}
------------

For this study we used data from the GUIDANCE (Guideline Adherence to Enhance Care) study: a cross-sectional, observational study conducted from March 2009 to December 2010 in Belgium, France, Germany, Ireland, Italy, Sweden, the Netherlands and the UK to determine the quality of T2DM care.[@R16] A more comprehensive description of the methods can be found in the article of Stone *et al*.[@R16]

Study population {#s2b}
----------------

The GUIDANCE study was a pragmatic observational study and included adult patients with T2DM from primary and secondary care with all diabetes therapies. Patients were excluded when they were pregnant, severely (mentally) ill, normally not managed by the recruiting physician or participated in a clinical trial with an intervention.

Data collection {#s2c}
---------------

The GUIDANCE database contains data from both physicians and patients. For the current study only data from patients on insulin therapy (all different regimens) were used, including data extracted from the medical records, and collected via three questionnaires: the Diabetes Treatment Satisfaction Questionnaire (DTSQ), the EuroQol Five Dimensions Questionnaire Visual Analogue Scale (EQ-5D-VAS) and a study-specific questionnaire.[@R16]

For the data extraction, a data collection form was developed to systematically collect data on demographics, anthropometric measurements, laboratory information, microvascular complications (abnormal foot sensation, presence of retinopathy or blindness and end-stage renal disease), macrovascular complications (amputation, peripheral arterial disease, ischaemic heart disease and stroke) and diabetes treatment. All extracted data were related to the 12 months prior to the date of recruitment.[@R16]

The DTSQ covers eight items with regard to the diabetes treatment over the past weeks and measures overall satisfaction, convenience, flexibility, understanding of diabetes, willingness to recommend current treatment to others and willingness to continue the current treatment. Each item is rated on a 7-point Likert scale with a score ranging from 0 (ie, very dissatisfied) to 6 (ie, very satisfied). DTSQ items two and three assess glycaemic control rather than satisfaction (perceived hyperglycaemia and perceived hypoglycaemia). These items are rated differently: 0 reflects 'never' and 6 reflects 'most of the time'. All scores, except those from DTSQ items 2 and 3, are added up to produce a DTSQ total score (range 0--36). Higher scores on the DTSQ total score indicate higher treatment satisfaction and lower scores indicate lower treatment satisfaction.[@R17]

The EQ-5D-VAS assesses health status; it is a vertical line with a score ranging from 0 (worst health status) to 100 (best health status). Patients rate their health by marking a point on the line, corresponding with their perceived health status.[@R18]

Besides the two above-mentioned questionnaires, patients completed a study-specific questionnaire including questions on knowledge of diabetes, family history of diabetes, having ever received diabetes education, diabetes services and knowledge of guidelines.[@R16]

Analyses {#s2d}
--------

Normal distributed data were reported by means and SD, non-normal distributed data were reported with medians and IQR, and categorical data were expressed as frequencies with percentages. Values for HbA1c were converted from NGSP (National Glycohemoglobin Standardization Program) units (%) to IFCC (International Federation of Clinical Chemistry) units (mmol/mol).[@R19]

Since the exclusion of patients with one or more missing values may reduce statistical power and may potentially lead to biased results, missing data were handled with multiple imputation. Insulin use was categorised into four groups: (1) basal insulin only, (2) mixed insulin two times per day, (3) a basal-bolus regimen or (4) other combinations. Per separate DTSQ item, a score of 4, 5 or 6 was considered 'satisfied'. The factors associated with treatment satisfaction used in the analyses were either known from literature or based on clinical relevance. Based on literature, the association between DTSQ score and sex, age, country, diabetes duration, microvascular complications, macrovascular complications, depression, current smoking, diabetes education, health status, perceived hyperglycaemia (DTSQ item 2), perceived hypoglycaemia (DTSQ item 3), number of insulin injections daily, body mass index, HbA1c, fasting plasma glucose (FPG), low-density lipoprotein cholesterol and total cholesterol were investigated.[@R6] Based on clinical relevance, the association between DTSQ score, and systolic blood pressure and insulin regimen was additionally investigated. Treatment setting (primary or secondary care) was only included in the univariate analyses. We did not include treatment setting in the multivariate analyses because there was no statistically significant univariate association, and moreover because of the heterogeneity in healthcare organisation between the eight countries.

Because patients were included by physicians within a country, observations may be correlated and the data have a multilevel structure with three levels: countries--physicians--patients. To account for this hierarchical structure, we used a linear mixed model with random intercepts for country and physician. All other factors in the model, for example, age and HbA1c, were included as fixed effects. For both the univariate analyses and the multivariate analyses, DTSQ was included as the dependent continuous variable. Model assumptions were assessed with residual analyses. A p value of \<0.05 was considered statistically significant. Because we were specifically interested whether type of insulin regimen was associated with treatment satisfaction, we performed multiple multivariate linear mixed models to investigate the association between insulin regimen, and total DTSQ score and the separate DTSQ items.

We hypothesised that the association between total DTSQ score and having received diabetes education could be largely explained by the association between DTSQ item 6 ("how satisfied are you with your understanding of diabetes?") and having received diabetes education. To investigate the influence of DTSQ item 6, a sensitivity analysis was performed in which this DTSQ item was omitted from the total DTSQ score.

Statistical analyses were performed using IBM SPSS Statistics V.21 for Windows (SPSS, Chicago, Illinois, USA) and SAS V.9.4 (SAS, Cary, North Carolina, USA).

Results {#s3}
=======

From the 7597 participants included in the GUIDANCE study, 1984 on insulin therapy were included in the current study. They were recruited from 316 physicians. In Sweden and the Netherlands, all patients were recruited from primary care, whereas in Italy only 3.9% of the patients were recruited from primary care (see online [supplementary appendix 1](#SP1){ref-type="supplementary-material"}). The number of included patients per country ranged from 166 (the Netherlands) to 384 (Italy) ([table 1](#T1){ref-type="table"}). Data on currently treated depression were missing not at random, namely for all Dutch participants (n=166). Therefore, we did not impute the missing values for depression. In the total sample from the GUIDANCE study (n=7597), the mean DTSQ score was 28.88±5.77 for those using insulin and 30.42±5.37 for those not using insulin (p\<0.001). In the separate database of patients on insulin, we imputed all missing data. As a result, we counted DTSQ scores of people who did not have a score in the total sample database. Doing so, the mean DTSQ score was 28.50±7.52.
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###### Supplementary Appendix 1

###### 

Overview of the characteristics of the study population

  Factor                                       
  -------------------------------------------- -------------
  Age (years), mean ±SD                        66.8±11.0
  Sex: male, n (%)                             1070 (53.9)
  Diabetes duration (years), median (IQR)      12 (10)
  Microvascular complications present, n (%)   865 (43.6)
  Macrovascular complications present, n (%)   828 (41.7)
  Smoking: current smoker, n (%)               261 (13.2)
  Treated in primary care, n (%)               1202 (60.6)
  Country, n (%)                               
    Belgium                                    199 (10.0)
    France                                     176 (8.9)
    Germany                                    364 (18.3)
    Ireland                                    189 (9.5)
    Italy                                      384 (19.4)
    The Netherlands                            166 (8.4)
    Sweden                                     206 (10.4)
    UK                                         300 (15.1)
  Diabetes education received, n (%)           1498 (75.5)
  Currently treated depression, n (%)\*        179 (11.3)
  Health status (EQ-5D-VAS), mean±SD           66±20
  DTSQ total score, mean±SD                    28.50±7.52
  DTSQ2: perceived hyperglycaemia, mean±SD     2.64±1.85
  DTSQ3: perceived hypoglycaemia, mean±SD      1.55±1.91
  Body mass index (kg/m^2^), mean±SD           31±6
  Systolic blood pressure (mm Hg), mean±SD     137±17
  HbA1c (%), mean±SD                           7.9±1.4
  HbA1c (mmol/mol), mean±SD                    62.6±14.9
  Fasting plasma glucose (mmol/L), mean±SD     8.5±3.7
  Cholesterol (mmol/L), mean±SD                4.6±1.2
  LDL cholesterol (mmol/L), mean±SD            2.5±0.9
  Injection frequency, median (IQR)            2 (3)
  Insulin regimen, n (%)                       
    Basal                                      603 (30.4)
    Mix two times per day                      345 (17.4)
    Basal--prandial                            709 (35.7)
    Other                                      327 (16.5)

n=1984 for all factors except for 'currently treated depression'.

\*n=1768.

DTSQ, Diabetes Treatment Satisfaction Questionnaire; EQ-5D-VAS, EuroQol Five-Dimensions Questionnaire Visual Analogue Scale; HbA1c, glycated haemoglobin; LDL, low-density lipoprotein.

The mean age of the study population was 66.8 (±11) years, 53.9% were men and the median duration of T2DM was 12 (IQR 10) years. On average, the study population was reasonably well controlled, taking into account the duration of diabetes. The percentage of people with microvascular and macrovascular complications ranged between the countries from 24.1% (the Netherlands) to 51.3% (UK) and from 31.6% (Sweden) to 53.8% (Germany), respectively. With the exception of individuals from Italy, at least 70% of the participating patients reported having received diabetes education (see online supplementary [appendix 1](#SP1){ref-type="supplementary-material"}).

The mean DTSQ scores in our study population ranged from 25.93±6.57 (France) to 30.11±5.09 (the Netherlands) (see online supplementary [appendix 1](#SP1){ref-type="supplementary-material"}), resulting in a total mean DTSQ score of 28.50±7.52.

The proportion of patients who were satisfied for each component of the DTSQ items ranged from 79.8% (DTSQ item 5 'flexibility') to 87.4% (DTSQ item 1 'overall satisfaction'). There was no difference between different insulin regimen groups with regard to the total DTSQ score and the scores on separate components of the DTSQ ([table 2](#T2){ref-type="table"}).

###### 

Mean DTSQ scores with 95%CIs per separate DTSQ item for the different insulin regimens

                                                                Basal                    Mix                      Basal bolus              Other                    p Value\*
  ------------------------------------------------------------- ------------------------ ------------------------ ------------------------ ------------------------ -----------
  DTSQ total score                                              28.65 (27.31 to 29.99)   28.26 (27.01 to 29.51)   28.09 (26.90 to 29.29)   27.82 (26.65 to 28.99)   0.323
  DTSQ 1 (satisfied with current treatment)                     4.93 (4.62 to 5.23)      4.83 (4.56 to 5.10)      4.93 (4.66 to 5.20)      4.81 (4.60 to 5.02)      0.160
  DTSQ 4 (convenience of treatment)                             4.84 (4.61 to 5.08)      4.82 (4.61 to 5.03)      4.73 (4.47 to 4.99)      4.65 (4.45 to 4.85)      0.233
  DTSQ 5 (flexibility of treatment)                             4.62 (4.29 to 4.95)      4.56 (4.24 to 4.89)      4.44 (4.12 to 4.77)      4.48 (4.17 to 4.79)      0.472
  DTSQ 6 (satisfied with understanding of diabetes)             4.57 (4.26 to 4.88)      4.56 (4.30 to 4.83)      4.47 (4.24 to 4.70)      4.48 (4.25 to 4.70)      0.686
  DTSQ 7 (willingness to recommend treatment to someone else)   4.68 (4.25 to 4.88)      4.59 (4.22 to 4.95)      4.57 (4.25 to 4.88)      4.56 (4.24 to 4.87)      0.671
  DTSQ 8 (satisfied to continue present form of treatment)      4.95 (4.65 to 5.25)      4.85 (4.58 to 5.12)      4.97 (4.69 to 5.25)      4.86 (4.60 to 5.12)      0.325

95% CIs adjusted for country, physician, age, sex, diabetes duration, microvascular and macrovascular complications, current smoking, diabetes education, health status, DTSQ 2, DTSQ 3, body mass index, systolic blood pressure, HbA1c, fasting plasma glucose, total cholesterol and LDL cholesterol.

\*Overall p value from linear mixed model.

DTSQ, Diabetes Treatment Satisfaction Questionnaire; HbA1c, glycated haemoglobin; LDL, low-density lipoprotein.

[Table 3](#T3){ref-type="table"} demonstrates that patients who reported to have received diabetes education were more satisfied with their treatment (p\<0.001), as were older patients (p=0.008), those with macrovascular complications (p=0.024) and those with a higher health status (p\<0.001). Patients who were currently treated for depression (p=0.007), those who frequently perceived hyperglycaemia (p\<0.001) and those with higher HbA1c levels (p\<0.001), FPG levels (p\<0.001) and cholesterol levels (p=0.034) were less satisfied with their treatment.

###### 

Univariate linear mixed model for the association between treatment satisfaction and factors, adjusted for country and physician

                                                          β       95**%** CI       p Value
  ------------------------------------------------------- ------- ---------------- ---------
  Age (1 year increase)                                   0.03    0.01 to 0.06     0.008
  Sex                                                     0.16    −0.37 to 0.70    0.545
  Diabetes duration (1 year increase)                     0.02    −0.02 to 0.05    0.305
  Treatment setting                                       −0.92   −2.11 to 0.26    0.127
  Country^\*^                                                                      \<0.001
   Belgium                                                −1.47   −2.90 to −0.03   0.046
   France                                                 −3.20   −4.67 to −1.74   \<0.001
   Germany                                                0.21    −1.15 to 1.57    0.765
   Ireland                                                −0.05   −1.57 to 1.48    0.953
   Italy                                                  −1.76   −3.47 to −0.05   0.043
   The Netherlands                                        0.95    −0.66 to 2.55    0.248
   Sweden                                                 −0.06   −1.52 to 1.40    0.932
   UK                                                     -ref.   -ref.            -ref.
  Currently treated depression^†^                         −1.34   −2.34 to −0.37   0.007
  Microvascular complications                             −0.27   −0.84 to 0.31    0.359
  Macrovascular complications                             0.62    0.08 to 1.17     0.024
  Current smoking                                         −0.20   −1.02 to 0.61    0.625
  Diabetes education received                             1.65    0.93 to 2.37     \<0.001
  Health status (EQ-5D-VAS) (1 unit increase^‡^)          0.09    0.08 to 0.11     \<0.001
  DTSQ 2: perceived hyperglycaemia (1 unit increase^§^)   −0.59   −0.76 to −0.43   \<0.001
  DTSQ 3: perceived hypoglycaemia (1 unit increase^§^)    −0.32   −0.67 to 0.03    0.068
  Body mass index (kg/m^2^) (1 unit increase)             −0.03   −0.07 to 0.02    0.276
  Systolic blood pressure (mm Hg) (1 unit increase)       −0.01   −0.02 to 0.01    0.356
  HbA1c (%) (1 unit increase)                             −0.80   −1.00 to −0.61   \<0.001
  HbA1c (mmol/mol) (1 unit increase)                      −0.07   −0.09 to −0.06   \<0.001
  Fasting plasma glucose (mmol/L) (1 unit increase)       −0.31   −0.44 to −0.17   \<0.001
  Total cholesterol (mmol/L) (1 unit increase)            −0.27   −0.53 to −0.02   0.034
  LDL cholesterol (mmol/L) (1 unit increase)              −0.19   −0.52 to 0.13    0.238
  Injection frequency (1 unit increase ^\|\|^)            −0.10   −0.38 to 0.18    0.482

Reference categories: sex = women; treatment setting = primary care; currently treated depression = no, microvascular complications = no; macrovascular complications = no; current smoking = no; diabetes education = no.

\*Only adjusted for physician. †n = 1768.‡On a 0--100 scale.§On a seven-point Likert scale. \|\|On a five-point Likert scale.

β, regression coefficient; DTSQ, Diabetes Treatment Satisfaction Questionnaire; EQ-5D-VAS, EuroQol Five Dimensions Questionnaire Visual Analogue Scale; HbA1c, glycated haemoglobin; ref., reference category.

The multivariate model shows that diabetes education, health status and presence of macrovascular complications were independently positively associated with higher treatment satisfaction, while perceived hyperglycaemia and HbA1c were independently negatively associated with treatment satisfaction ([table 4](#T4){ref-type="table"}). Residual analysis showed no deviation from distributional assumptions and no heteroscedasticity.

###### 

Multivariate linear mixed model for the independent association between treatment satisfaction and factors (n=1984)

  Factor                                               β       95**%** CI       p Value
  ---------------------------------------------------- ------- ---------------- ---------
  Age (1 year increase)                                0.02    −0.01 to 0.05    0.181
  Sex                                                  −0.33   −0.85 to 0.19    0.212
  Diabetes duration (1 year increase)                  0.00    −0.03 to 0.04    0.791
  Microvascular complications                          −0.22   −0.77 to 0.32    0.426
  Macrovascular complications                          0.76    0.21 to 1.31     0.007
  Current smoking                                      0.51    −0.29 to 1.30    0.211
  Diabetes education                                   1.64    0.95 to 2.32     \<0.001
  Health status (EQ-5D-VAS) (1 unit increase\*)        0.08    0.07 to 0.10     \<0.001
  DTSQ2: perceived hyperglycaemia (1 unit increase†)   −0.32   −0.50 to −0.13   0.001
  DTSQ3: perceived hypoglycaemia (1 unit increase†)    −0.24   −0.61 to 0.13    0.176
  Body mass index (kg/m^2^) (1 unit increase)          0.03    −0.02 to 0.08    0.181
  Systolic blood pressure (mm Hg) (1 unit increase)    0.00    −0.02 to 0.01    0.571
  HbA1c (%) (1 unit increase)                          −0.52   −0.75 to −0.29   \<0.001
  HbA1c (mmol/mol) (1 unit increase)                   −0.05   −0.07 to −0.03   \<0.001
  Fasting plasma glucose (mmol/L) (1 unit increase)    −0.09   −0.24 to 0.06    0.214
  Total cholesterol (mmol/L) (1 unit increase)         −0.13   −0.52 to 0.26    0.513
  LDL cholesterol (mmol/L) (1 unit increase)           0.19    −0.31 to 0.69    0.448
  Injection frequency (1 unit increase‡)               0.24    −0.36 to 0.84    0.401

Reference categories: sex = women; microvascular complications = no; macrovascular complications = no; smoking = no; diabetes education = no.

\*On a 0--100 scale.

†On a seven-point Likert scale.

‡On a five-point Likert scale.

β, regression coefficient; DTSQ, Diabetes Treatment Satisfaction Questionnaire; EQ-5D-VAS, EuroQol Five Dimensions Questionnaire Visual Analogue Scale; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; LDL, low-density lipoprotein; ref., reference category; SBP, systolic blood pressure.

The sensitivity analysis, performed to investigate the influence of DTSQ item 'understanding of diabetes' on the association with diabetes education, still yielded in a statistically significant independent positive association between diabetes education and DTSQ scores, when this DTSQ item was omitted (β 1.23, 95% CI 0.57 to 1.90, p\<0.001).

Discussion {#s4}
==========

Summary of main findings {#s4a}
------------------------

In 1984 patients with T2DM treated with insulin in eight European countries, we indeed found that patients on insulin therapy were less satisfied with their diabetes treatment than people who were treated with lifestyle only or with oral blood glucose-lowering agents. Those with a higher health status, macrovascular complications and who had received diabetes education were more satisfied with their diabetes treatment. Patients who frequently perceived hyperglycaemia and those with higher HbA1c levels were less satisfied. No association was found between treatment satisfaction and insulin regimen, nor between treatment satisfaction and insulin injection frequency.

While the current study has a large sample size with only a small percentage of missing data, some limitations should be considered. First, the factors included in our model only explained small differences in DTSQ score (maximum β 1.64 for diabetes education). So, while diabetes education, macrovascular complications, health status, perceived hyperglycaemia, and HbA1c levels are important factors in treatment satisfaction, there are many other unmeasured factors not examined in this study. These may be factors similar to those that are associated with psychological insulin resistance such as health beliefs and feelings of failure.[@R2] Second, since the study was cross-sectional, no causality can be determined, though one can speculate about the direction of the effects. For some of our findings, the direction of the effect can be both ways, for example, for HbA1c, poor metabolic control may lead to low treatment satisfaction, but low treatment satisfaction may also lead to poor metabolic control. However, the aim of the current study was not to investigate causality, but to explore which factors could be associated with treatment satisfaction. Third, the univariate analyses showed an association between being treated for depression and treatment satisfaction. Unfortunately, because we could not impute the missing data for depression in a valid way, we were not able to take depression into account in the multivariate analysis. Lastly, data on duration of insulin treatment were not available, which might have been influential, as previous research showed that the burden of insulin treatment is reduced by experience.[@R5]

Comparison with existing literature {#s4b}
-----------------------------------

Only one other study investigated treatment satisfaction in patients with T2DM treated with insulin therapy (in a subgroup analysis).[@R6] All other studies investigated patients with T2DM treated with all diabetes therapies,[@R6] or with oral hypoglycaemic agents only.[@R14]

Our finding, that higher HbA1c levels were associated with lower treatment satisfaction, is in line with the results of other studies.[@R6] Similar to our results, Nicolucci *et al* found that general health perception score, measured with the Short Form (36) Health Survey, and DTSQ scores were positively correlated; we found a positive correlation between health status measured with the EQ-5D-VAS and DTSQ score.[@R6] Finally, we did not find an association between DTSQ score and insulin regimen and insulin injection frequency. This is in concordance with the findings of Nicolucci *et al*, who too were not able to demonstrate an association between DTSQ score and the number of insulin injections.[@R6]

Bener *et al* did not find a statistically significant difference in DTSQ scores between patients who had received diabetes education, and those who had not.[@R7] Unfortunately, the authors did not provide information on how data on diabetes education was collected (eg, whether or not it was patient-reported) and did not specify which type of diabetes they studied. This makes it hard to speculate about the difference in findings, and moreover, cultural background and organisation of care in Qatar may also be a unique factor.

We found an inverse relationship between perceived hyperglycaemia and DTSQ score: the more frequently perceived hyperglycaemia, the lower the treatment satisfaction. For perceived hypoglycaemia no statistically significant association was found. Interestingly, while Nicolucci *et al* too found that perceived hyperglycaemia was negatively associated with treatment satisfaction, they found that perceived hypoglycaemia was positively associated with treatment satisfaction.[@R6] They hypothesise that this might be the case because patients accept to 'pay the price' (ie, hypoglycaemia) to achieve good glycaemic control. Perhaps the difference with our results is due to the fact that we studied patients on insulin therapy only. These patients may be highly focused on preventing hypoglycaemic events. Therefore, we hypothesise that some patients will perceive a hypoglycaemic event as a failure of their insulin therapy (which may lead to lower treatment satisfaction), while others might perceive a hypoglycaemic event as something that is inevitable when trying to achieve adequate glycaemic control. As a more or less balanced result, perceived hypoglycaemic events will not have influenced mean treatment satisfaction in our sample of insulin-treated patients.

Patients with macrovascular complications were more satisfied with their treatment, in contrast to other studies, where having any diabetes complication versus none was associated with lower treatment satisfaction.[@R7] This discrepancy may be explained by differences in definitions: for example, Bener *et al* and Biderman *et al* defined any diabetes complication as retinopathy, nephropathy and/or foot ulcer; they did not take macrovascular complications other than foot ulcer into account.

Interpretation of results {#s4c}
-------------------------

Of all the specific DTSQ items, the item about flexibility was rated lowest. Indeed, patients on insulin therapy are less flexible with regard to their diet and physical activity, but fortunately the mean scores on this item did not differ between the different insulin regimens. Still, almost 80% of the patients found their treatment flexible, which we think is a reassuring proportion on the one hand, but emphasises the need for improvement: one in five could improve. To increase satisfaction in this respect, omitting the injection-to-meal interval inpatients with T2DM with flexible insulin therapy should also be considered.[@R20] We did not find an association between treatment satisfaction and insulin regimen or injection frequency. It might be possible that the negative aspects of a more intensive insulin regimen (ie, higher insulin injection frequency), are counterbalanced by other positive aspects such as increased flexibility and better diabetes control. Interestingly, studies on type 1 diabetes mellitus found that patients with continuous subcutaneous insulin infusion (CSII) were more satisfied with their treatment compared with those on multiple daily injections.[@R21] One observational study even found a difference of 4 points in DTSQ score after adjustment for age, sex and diabetes duration.[@R21] When CSII will become more ubiquitous, it would be interesting to investigate this in T2DM too.

Patients who have received diabetes education were more satisfied than those who did not. Even when the DTSQ item 'understanding of diabetes' was omitted, a statistically significant positive association between diabetes education and treatment satisfaction remained. This suggests that diabetes education is more than solely the transmission of knowledge; it is also about providing patients with the ability and skills that are necessary for proper diabetes management.[@R23] Regardless of the underlying mechanism, this finding stresses the importance of diabetes education for all patients on insulin therapy.

Both perceived hyperglycaemia and HbA1c level were independently positively associated with treatment satisfaction. These findings point to the fact that physicians should carefully communicate with their patients about HbA1c levels. Moreover, applying individualised glycaemic targets might additionally improve treatment satisfaction for individuals with less strict targets.[@R24]

Patients with macrovascular complications were more satisfied with their treatment compared with those without macrovascular complications. This might be because healthcare providers are more attentive to patients with a macrovascular complication, which can lead to higher treatment satisfaction. This is supported by the finding of an earlier study, where researchers found that patients with incident diabetes-related comorbidity were more intensively treated.[@R25]

The difference in satisfaction between the eight countries was only investigated in the univariate analyses. The differences found here may be caused by differences in organisation of care and cultural differences.

Conclusion {#s5}
==========

The results of this study underline the importance of diabetes education in insulin-treated patients with T2DM. In addition, they demonstrate that perceived hyperglycaemia and higher HbA1c levels are important factors for patient's treatment satisfaction. Healthcare providers should be attentive to patients with a lower health status, frequently perceived hyperglycaemia and higher HbA1c levels to discuss and improve their diabetes treatment satisfaction. Self-management education programmes should incorporate these factors for ongoing support in patients with T2DM. The lack of an association between treatment satisfaction, and insulin regimen or insulin injection frequency is favourable.
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